A study of pollutant flows was carried out at a wastewater treatment plant in Nancy, France, which used activated-sludge treatment. To carry out observation of hourly flow variation, a sampling strategy needs to be defined. A Sewage represents a constant and major source of viral pollution of our aquatic environment. However, it is always very difficult to estimate the load of viruses in raw and treated sewage due to the lack of information on the hourly and even seasonal variations of virus concentrations in effluents. As pointed out by Berg (2), in most of the studies conducted on wastewater treatment the detention time of the water was not taken into account.
A study of pollutant flows was carried out at a wastewater treatment plant in Nancy, France, which used activated-sludge treatment. To carry out observation of hourly flow variation, a sampling strategy needs to be defined. A comparison between two methods of sampling was conducted: dip samples every 2 h over a period of 24 h and one 24-h composite sample were taken from raw and treated wastewater and then analyzed for enteroviruses, fecal coliforms, chemical oxygen demand, biochemical oxygen demand, and suspended solids. The results showed that the hourly variations of these pollutants in the effluents are in good agreement with expectations based upon the customers' usage and the characteristics of the wastewater network. Significant correlations were found between all tested parameters and enteroviruses in raw wastewater. After biological treatment, no correlation remained in treated wastewater between viruses and other parameters. As for the two sampling methods, a rather good representation of the daily load was given by the composite mode of sampling as concerns physicochemical and microbiological parameters. Biological treatment removed an average of 83% of viruses.
Sewage represents a constant and major source of viral pollution of our aquatic environment. However, it is always very difficult to estimate the load of viruses in raw and treated sewage due to the lack of information on the hourly and even seasonal variations of virus concentrations in effluents. As pointed out by Berg (2) , in most of the studies conducted on wastewater treatment the detention time of the water was not taken into account.
Our work was carried out to measure hourly variations in the flow of pollutants, to compare sampling strategies, and consequently to obtain an accurate picture of biological treatment efficiency.
MATERIALS AND METHODS
Wastewater treatment plant. Our study was conducted in the wastewater treatment plant in Nancy (Meurthe et Moselle), France. The station receives 150,000 m3 of sewage daily from a 300,000-inhabitant community. The activated-sludge system is combined with modular operations of primary settling, aeration, and secondary settling. The theoretical detention time is 6 h.
Sampling procedure. Samples were taken from two points: after the grit and flotation tanks but before the primary settling tank, and from the outflow channel of the station. The flow rate of the water was measured with a flowmeter (Schlumberger type 785 Ha). Over a 24-h period, samples were collected according to two modes: 22-liter dip samples every 2 or 3 h, and one 22-liter composite sample (916 ml during 15 min every hour). All of these samples were immediately transported to the laboratory at 4 to 6°C and submitted to analysis within 6 h after sampling. Sampling was performed during 10 A 10-ml portion was inoculated onto drained BGM cell monolayers in 25-cm2 bottles (1 ml of inoculum per bottle) (Rolland, thesis, 1981) . After a 2-h adsorption period at 37°C, the inocula were removed, and the monolayers were covered with 7 ml of agar medium (7) . The bottles were incubated at 37°C and examined over a 15-day However, the poor concentrations of viruses measured with this method are in good agreement with those obtained with a method with a better recovery, using adsorption-elution on negatively charged Balston fiber glass filters, described as a tentative method in Standard Methods (1) ( Table 2 ). The viral concentrations are different but the variations are similar. The glass powder method was used for this multicentric study because of the lack of clogging.
Fecal coliforms were isolated at concentrations varying from 26.6 x 106 to 2.2 x 108 per liter, which are levels commonly encountered in other geographic areas (4, 8, 14) . Fecal coliform concentration peaks were observed at the same times as those of viruses, noon and midnight.
The average physicochemical analyses were characteristic of urban wastewater: BOD, 121 mg/liter; COD, 266 mg/liter; and SS, 109 mg/liter. Hourly variations of these parameters were similar to those of the viruses and fecal coliforms. The main peak of BOD, COD, and suspended matter occurred at noon. Then, after decreasing until 8 p.m., the physicochemical parameter values increased rapidly and reached a maximum at 10 p.m. This second peak appeared 2 h earlier than the second peak of microbiological parameters.
The results, expressed in terms of pollution flow (flow rate x concentration), are shown in Fig. 2 for raw wastewater. The microbiological and physicochemical pollution flows present two main peaks, around noon and midnight.
For this raw wastewater and during this day of experimentation ( (Table 5) .
The results from analysis of the treated wastewater obtained by dip samples are presented in Table 6 for the preliminary survey performed in October 1980. For the 13 samples collected at 2-h intervals, the virus concentrations ranged be- 
DISCUSSION
Sewage flow rate. The hourly flow rates of wastewater in the Nancy-Maxeville treatment plant are classical for an urban area. Only about 25% of the wastewater received at the treatment plant is of industrial origin; thus, the hourly variations observed can be related to the human activity and the living habits of the community. Such variations in wastewater flow have been reported by many authors (4, 13) .
According to Curds and Fey (6) , the average daily flow is generally half the maximal daily flow. In this sewage treatment plant, the ratio is 0.78. This situation derives from the layout and the hydraulic design of the wastewater collection system, which affect the times and the amplitudes of the peaks. However, the calculated per capita consumption in our study was 421 liters/day, which corresponds with the averages for industrialized countries.
Fecal coliform and enterovirus flows. Knowing the flow rate allows expression of physicochemical and biological characteristics of the waste- (14) . The correlations noticed between enteroviruses and fecal coliforms and physicochemical parameters in raw wastewaters are not surprising, even though they are not reported by Marzouk et al. (15) . Both coliforms and viruses are excreted constantly by all or a fraction of the human population, and there is good homogenization in the collectors. In addition, during some days the weather was good, which maximizes a good agreement between the parameters. Stormy weather and unexpected industrial sewage discharges could affect these results. Coong et al. (5) and D. 0. Cliver (personal communication) state that 2 to 4 and 1 to 10% of the population, respectively, excrete viruses.
The absence of correlation between enteroviruses and any other parameter in treated wastewater in contrast to raw wastewater is also easy to understand. For example, the absence of Comparison of sampling modes. We have carried out this work by using the two most simple sampling methods (in both raw and treated wastewater): two hourly dip samples over a period of 24 h, and a 24-h composite sample (which was not, however, in complete agreement with the flow rate).
The composite mode of sampling has given a rather good representation of physicochemical parameters in raw and treated wastewater despite a lack of agreement with the flow rate. For the microbiological parameters, the results are more varied, but in the same order of magnitude. This could be due to the different concentration steps and revelation for viruses and to the high dilution of the sample necessary for counting the fecal coliform colonies. In our opinion, the differences noticed between the results obtained with the two methods of sampling are not really important when the other technical problems are considered. The acquisition of useful environmental knowledge requires a representative sampling strategy and development of suitable Removal efficiency of biological treatment. The sampling strategy used during this study takes into account the possible mistakes when only one dip sample is taken during the day (see Table 10 ). Consequently, the sampling has to be integrated with time, and we show here that the use of an automatic collector may easily solve this problem. Such an apparatus yields one composite sample which, in all cases, gives more valid information and decreases the problem of cytotoxicity observed during the main peaks of pollution at 2 p.m., 4 p.m., and midnight. Table 10 also shows the variation in the percentage of virus and fecal coliform removal throughout the day. We suggest that, for the low-level flow rate, the removal efficiency for all parameters (microbiological and physicochemical) is improved. La Grega and Keenan (13) have shown the importance of equalizing the wastewater flow to introduce into the treatment plant a raw wastewater with a constant load, at a constant flow rate, and then a better and constant removal.
Even if the detention time is respected, the calculation of the removal percentage from dip samples alone only gives a particular view of the results, which differ with the time of day. The calculation of the removal percentage from the integrated parameters in raw wastewater and treated wastewater is closer to the truth. In Table 9 , the comparison between the removal percentage from integrated dip samples and from the composite sample is in agreement with this idea.
The results are fairly similar for the physicochemical parameters for integrated dip samples and the composite sample, respectively: BOD, 89 and 93%; COD, 82 and 83%; SS, 63 and 64%; turbidity, 94 and 93%. For the viruses the results are very close: 83 and 84%. For the fecal coli- (12) . However, the virus removals are lower than those reported by Rao et al. (16) and Schwartzbrod et al. (20) . Previous studies have ignored the detention time of wastewater in the plant.
From this study also, we point out that after biological treatment a minimum of 300 x 106 PFU of enteric viruses (as determined by concentration on glass powder and inoculation onto BGM cells) are discharged daily from this plant into our environment. Two positions could be adopted: the first would regard the wastewater treatment plant as completely inefficient; the second would recognize that the treatment plant was never designed for microorganism removal and, surprisingly, works rather well.
